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INTRODUCTION 
INTRODUCTION 
The process of cell division ensures the orderly distribution of the 
chromosomes from one generation of living being to another. However, errors and 
changes in the chromosome structure do take place during the process resulting in the 
cells either with abnormal number of chromosomes or with modified chromosomes. 
These changes result in genetic diversion and cytogenetic abnormalities that are 
common in all species. The genetic diseases and diversions could be due to single 
gene effects, structural or numerical chromosomal defects, irregular or uncertain 
inheritance (Carter, 1977). Such gross chromosomal deviations from normal occur 
much more frequently than had been suspected (Max Levitan, 1977). 
The cliromosomal defects that usually cause the congenital abnormalities and 
the distortions possibly result from interference with cellular proliferations, 
destruction of cells at embryological stage, and interference at subcellular 
transcriptional or translational level (Levanya et al., 1982). Such abnormalities thus 
indicate remission and prognosis of the disease. 
Chromosomal Disorders 
Cytogenetic abnormalities have been identified in a diverse spectrum of 
disease states, particularly in humans. Moreover, chromosomal abnormalities are 
relatively common causes of specific types of diseases. Thus, the most direct impact 
of knowledge will be on the diagnosis and treatment of genetic diseases. Although 
many genetic diseases are rare, the overall burden of genetic disease in human 
population is not trivial (Weatherall, 1985). Single gene disorders affect 0.5% - 1.0% 
of the general population, and chromosome abnormalities count for about the same 
frequency of illness (Table 1). 
Common disorders that are not entirely genetic, but that have a significant 
genetic susceptibility component include heart diseases, diabetes, some major 
cancers, and many autoimmune diseases. Although the genetic basis of susceptibility 
to these diseases is not yet clear in most cases, one can conservatively attribute at 
least another 1% of overall morbidity 
Tablel: The Total Load Of Genetic Diseases (Weatherall, 1985) 
TYPES OF GENETIC FREQUENCY/1000 
DISEASES POPULATION 
Single gene 
Dominant 1.8-9.5 
Recessive 2.2-2.5 
X-linked 0.5-2.0 
Chromosomal abnormalities 6.8 
Common disorders with a signiflcant 
genetic component 7 - 1 0 
Congenital malformations 19 - 22 
Total (approximate) 37.3 - 52.8 
to that category (Edwin, 1993). The fourth major category in Table 1, which includes 
congenital malformations, is equally difficult to quantitate. It includes conditions like 
spinabifida, pyloric stenosis and others where there appears to be a genetic 
contribution in some cases, but the genetic factors are still obscure. In total, genetic 
factors probably account for considerably more than 5% of overall diseases in 
developed nations, and this percentage is likely to rise as other sources of morbidity, 
such as unhealthy diet and environmental pollution, are recognized and controlled. 
Another means of estimating the overall impact of inheritance on diseases is the data 
from pediatric hospitals. Scriver et al. (1973) found that 11% of pediatric admissions 
to hospitals were for genetic diseases, and another 18% were for congenital 
malformations (many of which were presumed to have a genetic basis). Thus, at the 
pediatric level, almost one-third of admissions were for conditions with genetic 
component. 
Multiple congenital malformations are seen with many t\"pes of chromosomal 
abnormalities, particularly deletions and aneuploidy. Mental retardation in humans is, 
in a few percent of cases, attributed to be the chromosomal disorder. Hussain et al. 
(2000) presented a case of non-sydromic mental retardation in 8 individuals of a 
family over three generations segregating with an apparently balanced reciprocal 
translocation t(l;17) (p36.3;pll.2). Other well-known examples of mental retardation 
are Down and fragile X syndromes. A mentally retarded child with multiple 
dysmorphic changes was reported to suffer from trisomy 8 mosaicism syndrome 
(Kurtyka et al.; 1988). There were reports of sex chromosomal abnormalities 
including XXY, XYY, and fragile X karyotypes in autistic individuals, but structural 
autosomal defects had rarely been reported (Mariner et a l , 1986). Intersexes are 
animals in which genetic and phenotypic sex do not correspond (hermaphrodites and 
pseudohermaphrodites), and many have sex chromosome aneuploidy. Cytogenetic 
analysis of intersexes may be interesting, but, in animals, is rarely justified because 
the diagnosis that matters is already in hand. 
Evidence has been presented to implicate the causes of the chromosomal 
disorders such as ionizing radiation, autoimmunity, virus infections, chemical toxins, 
drugs and the overall internal environment of the body (Max Levitan, 1977; 
ICPEMC, 1985; Gunter et al., 1987). It's easy to understand how, for example, 
radiation could break DNA and lead to structural rearrangements involving deletions 
and translocations (Gunter et al, 1987). These induced aberrations like juxtaposition 
translocation often, cause creation of fusion gene that induces cancer (Rimokh et al., 
1993). Translocations during meiosis cause reduction in fertility, while subfertility 
results due to reciprocal translocation where two non-homologous chromosome break 
and exchange fragments. In most of the cases, simple aneuploidy (monosomy or 
trisomy) is likely due to meiotic non-disjunctions (Edwin, 1993). These are errors 
occurring in chromosome segregation during meiosis. If pairs of homologous 
chromosomes fail to separate during the first meiotic division or if the centromere 
joining sister cliromatids fails to separate during the second meiotic division, 
gametes, and hence offspring, will be produced that have too many and too few 
chromosomes. Infertility and sterility in animals and in humans that have never been 
fertile is often the resuh of cytogenetic disease, particularly with regard to sex 
chromosome aneuploidy (e.g. XO, XXX, XXY genotypes) (Turner, 1938; Ford et al., 
1959 b; Jacobs et al., 1959 a; Klinefelter et al , 1942). Cytogenetic analysis of such 
individuals is often being carried out if an abnormality is detected, further diagnostic 
efforts can be avoided. Duba et al. (1997) reported the case of an infertile woman as a 
novel chromosomal instability syndrome, referred for ammenorhoea, streak gonads, 
hyperthyroidism, adiposity and elevated a-fetoprotein levels demonstrating an 
increased spontaneous chromosomal breakage rate (ISCBR). Chromatid and 
chromosomal breaks were more numerous. A micronuclcus assay demonstrated an 
increase in the incidence of formation of micronuciei of the proposita. Two brothers 
had similar chromosomal abnormalities, but without any clinical abnormalities, 
parents had moderate spontaneous chromosomal breakage rate (ISCBR), while other 
sibs were chromosomally normal. 
Classification 
Chromosomal abnormalities are classified and diagnosed cytogenetically 
either as autosomal abnormalities or as sex chromosomal abnormalities depending on 
the nature of the chromosomal complement involved (Table 2). 
Autosomal Chromosome abnormalities: 
Many different syndromes result from complete trisomies (due to 
translocations of portions of either short or long arm), and deletions of the various 
chromosomes, only the more common clinical entities observed are: 
Down syndrome (Trisomy 21/ Trisomy G/ Mongolism) 
Down syndrome is a chromosomal disorder usually resulting in mental 
retardation, characteristic facies, and many other typical features, including 
microcephaly and short stature (Down, 1866). The overall incidence among live 
births is about 1/800, but there is a marked variability depending on maternal age 
(Penrose, 1933). For mothers < 20 yr, the incidence is about 1/2000, for mothers > 
age 40, it rises to about 1/40 overall. Just over 20% of infants with Down syndrome 
are bom to mothers > 35 yr (Hook, 1982; Hook et al., 1983). Down syndrome may 
result from trisomy 21, translocation, or mosaicism. In about 95% of cases, there is an 
Table- 2: Incidence of chromosomal abnormalities in Humans with respect to 
their sex status (Information received from various resources). 
DISEASES 
Autosomal 
Downs syndrome 
Edward syndrome 
Patau syndrome 
Fragile X syndrome 
INCIDENCE 
1/800 
1/2000 - MA <20 yrs 
1/40 - MA >40 yrs 
1/6000 
1/10,000 
1/1200 
1/2500 
SEX/ STATUS 
Live births 
Live births 
Live births 
Live births 
Live births 
Males 
Females 
Gonosomal 
Turners syndrome 
Triple X syndrome 
Klinefelters syndrome 
47XYY 
1/3000-1/5000 
I/l 000 
1/500-1/1000 
50% mosaics 
1/700 
1/1500 
Female infants 
Female infants 
Male births 
Common 
Rare 
extra whole chromosome 21, which in 95% of these cases is maternally derived 
(Lejeune et al., 1959). Some persons with Down syndrome have 46 chromosomes but 
actually have the genetic material of 47 chromosomes. The additional chromosome 
21 has been translocated or attached to another chromosome (Thuline and Pueschel, 
1982; Hook, 1982). Translocation t (14; 21) is the most common translocation, in 
which the additional chromosome 21 is attached to a chromosome 14. In about half 
the cases, both parents will have normal karyotypes, indicating a de novo 
translocation in the affected child. In the other half, one parent (almost always the 
mother), although phenotypically normal, has only 45 chromosomes, one of which is 
t (14; 21) (Petersen et al, 1991; Shaffer et al., 1992). Theoretically, the chance is 1:3 
that a carrier mother will have a Down syndrome child, but for unknown reasons the 
actual risk is lower (about 1:10). If the father is the carrier, the risk is only 1:20. 
Samura et al. (2001) recently studied the case of a female proband to determine 
whether aneuploid fetal nucleated erythrocytes (NRBCs) could be detected in 
maternal blood. The woman was reported to had just undergone termination of 
pregnancy because of fetal trisomy 21 (three cases, 47,XY,+21; four cases, 
47,XX,+21). Translocation t(21;22) is the next most common translocation. A carrier 
mother has about a 1:10 risk of having a Down syndrome child, with an even smaller 
risk for carrier fathers. In extremely rare cases, a parent carries a t (21; 21) (Grasso et 
al., 1989; Antonarakis et al., 1990; Shaffer et al., 1992). In this case, 100% of 
surviving offspring will be expected to have Down syndrome. Mosaicism occurs 
when two different cell types are present in a person. Down syndrome mosaicism 
presumably results from an error in chromosomal separation during cell division 
(nondisjunction) in the growing embryo. Most cases have two cell lines, one normal 
(46, chromosomes) and one with 47 chromosomes (Duckett et al., 1992). The relative 
proportion of each cell line is highly variable, both between persons and within 
different tissues and organs in the same person. The prognosis for intelligence 
presumably depends on the proportion of trisomy 21 cells in the brain. A few mosaic 
Down syndrome persons with barely recognizable clinical signs and normal 
intelligence have been identified. The incidence of mosaicism in Down syndrome is 
unknown. If a parent has germline mosaicism for trisomy 21, the risk of having a 
second affected child is increased (Daniel et al., 1989). Some affected women are 
fertile. They have a 50% chance that their fetus will also have Down syndrome. 
However, many of these affected fetuses abort spontaneously. All men with Down 
syndrome are infertile. Life expectancy is decreased because of heart disease and 
susceptibility to acute leukemia. Most affected persons survive to adulthood, but the 
aging process seems to be accelerated, with death often occurring in the 5th or 6th 
decade. A female fetus with a rare de novo chromosome abnormality involving 
mosaicism with two cell lines with trisomy 13 and presumptive partial monosomy 13 
due to a Robertsonian translocation and ring chromosome, respectively, was 
prenatally diagnosed, terminating finally (Duckett et al., 1992). 
Trisomy 18 (Edwards Syndrome/ Trisomy E) 
A chromosomal disorder resulting from an extra chromosome 18. It produces 
many developmental abnormalities, including severe mental retardation (Edwards et 
al., 1960; Smith et al., 1960). Trisomy 18 occurs in 1/6000 live births, but many 
affected conceptions are miscarried. More than 95% of affected children have 
complete trisomy 18. 95% of extra chromosomes are maternally derived. Advanced 
maternal age increases risk. Three females with trisomy 18 are bom for every affected 
male (Edwards et al., 1988). The affected newborn is markedly small for gestational 
age. Sur\'ival for more than a few months is rare. More than 10%) are still alive at 1 
year, while marked developmental delay and disability are present in those who do 
survive. 
Trisomy 13 (Patau Syndrome/ Trisomy D) 
A chromosomal disorder resulting from an extra chromosome 13 and 
producing many developmental abnormalities, including severe mental retardation 
and forebrain abnormalities (Patau et al.l960). Trisomy 13 occurs in about 1/10,000 
live births; about 80%) of cases are complete trisomy 13. Advanced maternal age 
increases risk, and the extra chromosome is usually maternally derived. Most patients 
(70%) are so severely affected that they die before age 6 month; more than 10% 
survive longer than 1 year. Koske-Westphal et al. (1978) described two unrelated 
infants with partial trisomy 13 for the distal of the long arm. In one, a familial 
pericentric inversion was present in three generations and crossing-over in the 
inversion loop was considered as cause of partial trisomy 13, while the other showed 
a tandem duplication of the distal half of the long arm of chromosome 13 beyond 
13ql4. This was interpreted to have arisen by unequal crossing-over in mispaired 
synapsis 
Sex chromosome abnormalities: 
Sex determination in humans is controlled by the X and the Y-chromosomes. 
The female has two X chromosomes, and the male has one X and one Y. The Y 
chromosome is among the smallest of the 46 chromosomes (G series), and its major 
function seems to be related to male sex determination. In contrast, the X is one of the 
largest chromosomes (C series) and contains hundreds of genes, most of which have 
nothing to do with sex determination. 
Turner Syndrome (Turner's Syndrome/ Bonnevie-UIlrich Syndrome) 
Turner syndrome is a sex chromosome abnormality in which there is complete 
or partial absence of one of the two sex chromosomes, producing a phenotypic female 
(Turner, 1938; Ford et al., 1959 b). It occurs in about 1/3000 live female births 
(Table2) (David G. Brooks, 2001). Ninety-nine percent of 45,X conceptions are 
miscarried. Eighty percent of liveborn newborns with monosomy X have loss of the 
paternal X. The chromosomal abnormalities in affected females vary. About 50% 
have a 45,X karyotype. Many patients are mosaics (e.g., 45,X/46,XX or 
45,X/47,XXX). The phenotype varies from that of a typical Turner syndrome to 
normal (Edwin, 1993). Occasionally, affected persons have one normal X and one X 
that has formed a ring chromosome where a piece is lost from both the short and the 
long arms of the abnormal X. Some affected persons have one normal X and one long 
arm isochromosome formed by the loss of short arms and development of a 
chromosome consisting of two long arms of the X chromosome. These persons tend 
to have many of the phenotypic features of Turner syndrome; thus deletion of the 
short arm of the X chi-omosome appears to play an important role in producing the 
phenotype (MaxLevitan, 1977). Kuznetzova et al. (1994) reported a 13 year old girl 
referred for chromosome analysis because of disproportionate short stature (short 
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neck, curved legs, pectus excavatum) with an initial clinical diagnosis of Turner's 
syndrome was found to have the karyotype 46,X, + der (X) in 100% of her blood 
lymphocytes. By means of conventional (differential staining (QFH/AcD, FPG, and 
RBA banding) supplemented with distamycin, the karyotype of the proband was 
interpreted as 46,X,t(X;Y) (p22.3;ql 1). Affected newborns may present with marked 
dorsal lymphedema of the hands and feet and with lymphedema or loose folds of skin 
over the posterior aspect of the neck. However, many females with Turner syndrome 
are very mildly alTected. Typically, short stature, webbing of the neck, low hairline 
on the back of the neck, ptosis, a broad chest with widely spaced nipples, multiple 
pigmented nevi, short 4th metacarpals and metatarsals, prominent finger pads with 
whorls in the dermatoglyphics on the ends of the fingers, hypoplasia of the nails. 
Mental deficiency is rare, but many have some diminution of certain perceptual 
ability. Gonadal dysgenesis with failure to go through puberty, develop breast tissue, 
or begin menses occurs in 90% of affected persons (Ford et al., 1959b). Replacement 
with female hormones will bring on puberty. 5 to 10% of affected girls do go thi-ough 
menarche spontaneously, and very rarely, affected women have been fertile and have 
had children. 
A cytogenetic analysis and Y-specific probe studies must be obtained for all 
persons with gonadal dysgenesis to rule out mosaicism with a Y-bearing cell line; 
e.g., 45,X/46,XY. These persons are usually phenotypic females who have variable 
features of Turner syndrome. 
The Triple X Syndrome (47, XXX) 
It is described as a sex chromosome abnormality, in which there are three X 
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chromosomes, resulting in a phenotypic female (Jacobs et al., 1959 a). About I/IOOO 
apparently normal females have 47, XXX. Other physical abnormalities are rare 
(Table2). Sterility and menstrual irregularity sometimes occur. Advanced maternal 
age increases risk, and the extra X chromosome is usually maternally derived. 
Klinefelter Syndrome (Klinefelter's Syndrome; 47,XXY) 
A sex chromosome abnormality in which there are two or more X 
chromosomes and one Y, resulting in a phenotypic male with small testes, aspermia, 
gynecomastia and elevated urinary gonadotrophins is described as Klinefelter 
syndrome (Klinefeher et al., 1942). It occurs in about 1/800 live male births (Table2). 
The extra X chromosome is maternally derived in 60% of cases. Affected persons 
tend to be tall, with disproportionalcly long arms and legs. Mosaicism occurs in 15% 
of cases. Some affected persons have three, four, or even five X chromosomes along 
with the Y (Anders et al., 1960). In general, as the number of X chromosomes 
increases, the severity of mental retardation and of malformations also increases. 
The 47,XYY Syndrome 
It is a sex chromosome abnormality in which there are two Y chromosomes 
and one X, resulting in a phenotypic male. Sex chromosome abnormalities were 
detected in 19 patients (26.62%) including 14 (16.67%) aneuploidies 47,XXY and 
47,XYY, 3 (3.57%)) Y-chromosome long arm deletions, 1 (1.19%)) mosaic 45,X 
/46,XY and 1 (1.19%) Robertsonian translocation (45.X-15-Y+t(15p: Yq). 
Chromosomal polymorphisms were observed in 29 patients (Penna et al., 2001). The 
47,XYY syndrome occurs in about 1/1000 males (Hamerton et al., 1975)(Table2). 
Affected persons tend to be taller than average. There are few physical problems. 
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Minor behavior disorders, liyperactivity, attention deficit disorder, and learning 
disabilities are increased. 
Chromosome deletion and deletion Syndromes 
Syndromes resulting from loss of parts of chromosomes are studied in 
different cases of karyotypic abnormalities. It includes deletions of whole or part of 
the chromosomes, autosomes as well as sex chromosomes. 
5p-DeIetion (cri du chat syndrome): 
It involves a deletion of the end of the short arm of chromosome 5 and is 
characterized by a high-pitched, mewing cry, closely resembling the cry of a kitten, 
which is heard in the immediate newborn period, lasts several weeks, and then 
disappears (Lejeune et al., 1964). Mental and physical development is markedly 
retarded (Hutcheon RG et al, 1998). Many persons survive into adulthood but are 
very disabled. McClellan et al. (1994) reported an 18-month-old girl was reported 
who has both the cri du chat and Marfan syndromes. She was born at term to a 29-
year-old woman with the clinical diagnosis of Marfan syndrome. An evaluation for 
developmental delay at 2 months of age showed a karyotype of 46,XX, del (5)(15.1), 
consistent with cri du chat syndrome. At age 18 months she was tall (90 cm, > 95th 
centile), facial features were typical of cri du chat syndrome. 
4p-Deletion (Wolf-Hirschhorn syndrome): 
Wolf-Hirschhorn syndrome is a developmental disorder associated with 
hemizygous deletion of the distal short arm of chromosome 4 (Finzi et al., 2001). It 
results in profound mental retardation. A high mortality rate occurs during infancy, 
the relatively few survivors are prone to infections and epilepsy. The few who survive 
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into their 20s are severely handicapped (Wolf et al., 1965; Fryns et al., 1973). Two 
human fetuses affected with Wolf-Hirschhorn syndrome were studied for the 
unbalanced structural chromosome aberrations, involving the short arm of 
chromosome 4. Placental and fetal chromosome examination revealed a del (4)(pl4) 
and der (4) t (4; 13)(ql4; ql l ) translocations respectively in the first case, while in 
other case placental karyotyping and amniocytes showed a 4p+chromosome and 
submicroscopic deletion at 4pl6.3, respectively (Schinzel, 2000). 
Contiguous gene syndromes include microdeletions and submicroscopic 
deletions of the contiguous genes on particular parts of many chromosomes. They are 
detectable using fluorescent probes and techniques to extend chromosomes. 
Telomeric deletions (deletions at either end of a chromosome) account for many 
nonspecific cases of mental retardation with dysmorphic features. Diseases caused 
due to deletions and translocations generally in the long arm (p-arm) of X 
chromosome include premature ovarian failure, Turner's syndrome, primary 
amennorhea, gonadal dysgenesis etc. (Rina et al, 1999). 
Premature Ovarian Failure (POF): 
Clinically there are dividends to predict premature ovarian failure prior to its 
onset in some families with ovarian dysgenesis (Coulam etal. 1983; Mattison et al. 
1984; Portuondo et al. 1987; Aittomaki 1994; Vegetti et al. 1998). A family with POF 
was identified to show the karyotype 46X, Xdel (X)(q26)(Davison et al. 1998). The 
proband was found to share the deletion but managed to conceive before her early 
menopause. The gross deletion was easily detectable. Naturally occurring defects of 
the X chromosome provides further evidence of an association between ovarian 
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failure and deletion and translocation of the X chromosomes. Studies show that 
abnormalities of the long arm of X cliromosome affect only ovarian function, while 
those of the short arm affect stature as well, resulting in a typical turner phenotype 
(Sarto et al., 1973; Therman et al., 1990). 
Intersex es 
Conditions in which the appearance of the external genitalia is either 
ambiguous or at variance with the person's chromosomal or gonadal sex are 
recognized as intersex states or hermaphrodites (Ferguson-Smith, 1966 a). 
Female pseudohermaphrodites have ovaries and normal female internal 
genitalia but ambiguous external genitalia; they are genetically normal females with a 
46,XX karyotype, whereas male pseudohermaphrodites have gonadal tissue that is 
only testicular and usually have a 46,XY karyotype (Federman, 1967). The external 
genitalia are usually ambiguous, but this is variable and a female phenotype is seen in 
the complete form of the testicular feminization syndrome (androgen insensitivity 
syndrome). True hermaphrodites have both ovarian and testicular tissue, and mixed 
masculine and feminine genital structures depending on whether ovarian or testicular 
tissue predominates. Torres et al. (1996) have diagnosed 10 true hermaphrodites, 
where 6 had a 46,XX chromosomal complement (3 had been reared as males and 3 as 
females), while the other 4 patients were mosaics: 3 were 46,XX/46,XY and one had 
a 46,XX/47,XXY karyotype. One, of the 46,XX/46,XY mosaics, was reared as a 
female, whereas the other 3 mosaics were reared as males. In the USA, most true 
hermaphrodites have a 46,XX karyotype, but the pattern can be quite variable. Rarely, 
in true hermaphrodites the external genitalia is fully masculinized. 
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Patients with mixed gonadal dysgenesis have both testicular tissue and 
primitive gonadal tissue called streaks. These patients usually have a 46,XY/45,XO 
mosaic karyotype and ambiguous genitalia, and as adults they tend to be short of 
stature. When the streaks are bilateral, the disorder is termed pure gonadal 
dysgenesis. Such patients appear phenotypically as females (Federman, 1967). 
Chromosomal abnormalities in Neoplasias 
Transformations of normal cells to cancer cells are associated with consistent 
chromosome patterns. In some cancers specific 'marker chromosomes' have been 
identified which are morphologically different from any chromosome in the human 
set. For example, nearly all lymphroliferating diseases are associated with a marker 
chromosome 14, retinoblastoma is associated with deletion of long arm of 
chromosome 13(Levanya et al, 1982). Lynch et al. (2001) studied a family prone for 
Multiple Myeloma (MM). No constitutional chromosomal abnormality was detected 
in all members of the family while proband had a translocation involving 
chromosome 11 and 14, a clonal abnormality seen in Multiple Myeloma. 
Molecular basis of Human diseases 
Several thousand inherited abnormalities have been studied and several other 
are in process, however, the genes responsible for specific clinical syndromes are not 
identified completely. Standard cytogenetic analysis permits diagnosis of numerical 
and structural chromosome analysis only, which has its limitations. To locate and 
analyze the specific disease-causing gene, [lie scicnliflc comnninity and investigators 
use the tools of recombinant DNA technology and gene therapy. In principle, this 
teclinology implicates that all genetic diseases can be analyzed in molecular terms, 
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and many of them should eventually be treatable and/or curable because of precise 
molecular descriptions of the underlying defects in DNA and their metabolic 
consequences (Meniatis et al, 1980). In addition, many non-inlierited diseases are 
certain to be associated with changes in somatic cell DNA that has been proved in 
certain diseases like cancers. Somatic variations in mitochondrial DNA are another 
potential source of debility and illness (Edwin, 1993). These variations and various 
numerical and structural alterations including aneuploidy, inversions, marker 
chromosomes, complicated or subtle translocations, and submicroscopic deletions and 
duplications can be identified using the Fluorescent In Situ Hybridization (FISH) 
technique. Chromosome microdeletion syndromes and percentage of cases can also 
be resolved. Diseases like Prader-Willi syndrome has been molecularly diagnosed at 
band position (15qll-13) SNRPN (small nuclear ribonucleoprotein N) and has been 
found out to be present in 7G% reported cases. Several workers discovered genes 
within the Down syndrome critical region. Fuentes et al. (1995) cloned a gene 
DSCRl (Down Syndrome Critical Region 1) from the Down syndrome critical region 
that is highly expressed in brain and heart, and suggested it as a candidate for 
involvement in the pathogenesis of Down Syndrome, in particular mental retardation 
and/or cardiac defects. Nakamura et al. (1997) identified DSCR4 as 2 ESTs that map 
to the 1.6-Mb Down syndrome critical region. DSCR4 is predominantly expressed in 
placenta. Vidal-Taboada et al. (1998) identified DSCR2 gene within the Down 
syndrome critical region 2 between DNA marker D21S55 and MXl. Nakamura et al. 
(1997) identified DSCR3 gene within the Down syndrome critical region. Studies 
show that barest beginning has been made and much more still remains to be studied 
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in this area of disease associated chromosome analysis and diagnostics in human 
genetics. The best data on incidence have been collected from humans and such 
studies are indicated in patients with bad obstetric history, males and females with 
unexplained infertility, patients with primary and secondary amenorhea, family 
history of genetic disorders, Down's syndrome (trisomy 21), Edward syndrome 
(trisomy 18), Patau syndrome (trisomy 13), Turner syndrome (monosomy X), 
Klinefelter syndrome, multiple congenital abnormalities and dimorphism and other 
sex chi-omosomal disorders. 
In view of the above facts, following work has been taken into consideration 
with the given objectives: 
1. To ascertain the frequency of the genetic diseases of the Aligarh population 
with the help of the Clinicians in the .IN Medical College. 
2. To study the karyotypic analysis of the patients referred for the genetic 
diseases. 
3. To focus on the specific disease for the analysis of genetic data. 
4. To perform the cliromosome pathology and genetic counseling. 
Following work is thus an additional informative trial in the respective 
concern of human health and disease diagnosis. Clinically referred medical patients, 
generally infertile, are forwarded by the consultant physician of JN Medical College 
and Hospital to the Cytogentics laboratory (lab 31), of (he Section of Genetics, 
Department of Zoology, AMU, Aligarh, for their gross chromosomal examination 
and karyotyping, thus searching and estimating any chromosomal abnormality found. 
MA TERIALS AND METHODS 
• • • 
MATERIALS AND METHODS 
Human chromosome preparation and Karyotyping 
Metaphase spread diagnosis is the main source of studying chromosomal 
aberrations resulting from abnormal karyotype. It is also needed perhaps for 
extending specified parental genetic counseling. A brief approach to the different 
types of laboratory tests performed, diagnosed and their expected results are 
highlighted in this study. 
The misconception of human diploid chromosome number being 48, and the 
sex-determining mechanism of XX/XY method being identical with that of 
Drosophila melanogaster was confirmed completely in 1956, with the discovery of 
diploid chromosome number in the embryonic lung cells as 46 (Tjoe and Levan 
1956), followed by the same diploid chromosomal count in other human tissues like 
spermatocytes. Interesting ad diagnostic was the detection of unbalanced diploid 
chromosomal numbers as autosomal trisomy (Lejune et al. 1959), 45X monosomy 
(Ford et al. 1959), and 47XXY (Jacobs et al., 1959). The cell culture techniques by 
Moorehead et al. (1960) using lymphocyte cultures were employed with some 
modifications for the human chromosome studies. The development of chromosome 
methodology is the result of added innovations from time to time viz. use of tissue as 
monolayers or suspension, use of Colchicine as a major spindle arresting agent, 
hypotonic treatment, fixation of cells in culture, and flame and air drying methods for 
slide preparations (Makino 1975, Hsu 1979). Thus, history of human cytogenetics can 
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be classified into four eras; dark age (before 1952), hypotonic era (1958), trisomy era 
(1969) and banding era (1970 onwards). 
Reagents 
Culture Medium: 
Medium had been used as an essential component for establishing lymphocyte 
culture / tissue culture (Paul 1985) for chromosomal preparations and other 
biochemical studies. Cytogenetic preparations of chromosomes required the use of 
synthetic media depending on the design of culture. Two types of synthetic media 
were employed: (i) salt solution - for collection and short term survival, while (ii) 
complete media - for growth and maintenance. Balanced salt solution (Normal 
saline). Trypsin solution (versene solution for cell suspension from primary biopsy), 
stock solution (generally lOX, kept at - 20°C in concentrated form), supplements 
(Natural media) like serum plasma etc are added to the complete media and stored 
freezed for future use. 
Salt solution: Commercially available preparations were maintained as stocks (lOX) 
and stored at -20°C. Laboratory preparations of these solutions in required 
compositions (gm/ml) and stored. Widely used and available preparations include 
Hank's, Kreb's, Dulbecco's, Puck's. 
Complete Media: Commercially available culture media include Eagle's Minimum 
Essential Medium, TC-199, Parker-199, McCoy's 5(GIBC0) with L - glutamine, 
without sodium bicarbonate in powdered or aqueous form. 
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Mitogenic agents: 
Phytohaemagglutinin (PHA), the most generally used mitogenic agent, is 
procured in two forms - M and P forms, where M was desiccated in micro form, 
without toxicity, while P as per manufacturers specifications, was sterile and 
depolysaccharized form. P form was more potent to be used for culture preparations. 
Antibiotic solution: 
Antibiotic mixture including Penicillin sodium 100 - 200 lU/ml and 
Streptomycin sulphate (0.1 mg/ml) was used for the process. About Q.2 ml of the 
solution was added to the 200 ml aliquots of tissue culture medium (100 lU/ml). 
Similarly 1.0 g vial of the latter was dissolved in 5 ml sterile distilled water. About 
0.1 ml was mixed to the 200 ml solution. 
Mitotic arrest agent: 
Colchicine was used as aqueous solution (3(ag/ml), for 1 hour. Colcimid can 
be used as 0.5p.g/ml solution for 2 hours. 
Hypotonic solution: 
0.56% KCl (potassium chloride) solution prewarmed at 37° C was used. 
Sometimes 1% NaC (sodium citrate) solution can also be used. 
Fixative: 
Freshly prepared glacial acetic acid: methyl alcohol (1:3) was usually used. 
Other combinations that can be made include ethyl alcohol: glacial acetic acid (3:1, 
2:1), acetic acid in 45% - 60% distilled water or ethyl alcohol: glacial acetic acid: 
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chloroform (100:16:50) - Camoy, s solution or ethyl alcohol 95%: acetic acid: 
formaldehyde 40% (6:2:1) - Tjio's fixative. 
Sampling and culture 
Tissue and cells used: 
Different tissues and cells were used to put up the culture. They included bone 
marrow (Hamerton 1971), fibroblasts, amniotic cells and leucocytes etc. 
Sampling and Culture setting: 
Sampling of peripheral blood is easiest, painless and also shon term. Cells 
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show mitotic activity after a lag period of 48 hours, increasing considerably due to 
mitogenic action of the used mitogens, Ph>tohaemagglutinin (PHA). 
Using sterile syringe approximately 5ml of venous blood was \\ithdrawn and 
collected in sterile collection vial containing 0.1ml of 5000 lU/ml sodium heparin 
solution as anticoagulant. A sterile vacutainer can also be used for blood collection. 
About 0.4ml of this blood was transferred to a culture vial, already containing 5 - 7ml 
of culture medium and 0.2 - 0.3ml of Phxtohaemagglutinin (PHA), under the sterile 
conditions of laminar flow. The culture was then incubated at 37°C for 72 hours. 
Harvesting: 
At 70 hour of incubation, about 0.15ml of 0.02mg/ml cochicine was added to 
the vials. After 1 hour of colchicines^ s action in the medium the contents of vial were 
transferred to the centriftige tubes and were centrifuged at 1000 rpm for 5 minutes. 
The supernatant was discarded. Palette was saved and dissolved in the minimum 
amount of little left supernatant using a sterile Pasteur pipette. To this palette 7 ml of 
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prewarmed hypotonic salt solution was added, mixed well gently and kept for 15 
minutes at 37°C in a waterbath. The tubes were again centrifuged after 15 minutes, at 
1000 rpm for 8 minutes and supernatant was discarded. The palette was dissolved in 7 
ml of freshly prepared, chilled fixative was added to the dissolved palette, drop by 
drop, over a vortex mixer, to maintain constant mixing. The material was then stored 
at 4°C for nearly 30 - 40 minutes to get absolute fixation of cells in the culture. The 
contents, then, were again centrifuged at 1000 rpm for 10 minutes and the same step 
was repeated thrice. 
Slide preparation 
Flame drying technique gave better results. Slides were degreased, cleaned, 
washed thoroughly and stored in alcohol/distilled water at 4°C. Few drops of cell 
suspension were dropped using Pasteur pipette over the chilled, tilted slides 
maintaining a stretched hand distance between the slide and the pipette to get better 
spreading. Three drops/slide was generally enough to get a satisfactory cell count. 
The slides were kept in a slide box under dust free conditions for future use. The 
remaining cell suspension was transferred to a sterile appendorff, para sealed, labeled 
and stored at 4°C for further use. 
Staining: 
Giemsa stain was used for staining metaphase chromosomes. This stain was 
procured as powder, (3.8 gm to 250 ml glycerin kept at 55°C - 60°C for one to onc-
and- a- half hour). To this equal volume of methyl alcohol was added. Prepared liquid 
Giemsa can also be used (to be diluted as 5% with phosphate buffer, pH 6.8). 
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Banding of chromosome 
A more efficient and reliable tool for distinguishing chromosomes in 
metaphase stage is differentiated banding patterns produced by differential staining 
techniques (Table3). A band is defined as a part of a chromosome which is clearly 
visible from its adjacent segments by appearing darker or lighter as a result of the 
new staining methods. Each chromosome shows a characteristic banding pattern (Q -
bands), allowing individual chromosomes to be recognized and any abnormality to be 
readily mapped. Indeed banding shows up similarities between species, where 
chromosome translocations and rearrangements may be deduced from the constancy 
of banding over the whole karyotype (Yunis and Sawyer, 1980). Several new staining 
techniques for demonstration of differential banding patterns that are mainly efficient 
for mammalian and human chromosomes identification are introduced. The first of 
the new staining methods to be discovered is called Q - banding (Casperson et al., 
1968) and applied for human chromosomes (Casperson et al., 1970; Casperson and 
Zech, 1974). In 1970 Pardue and Gall, use Giemsa stain for mouse chromosome, 
while Arrighi and Hsu (1971) and Chen and Ruddle (1971) modified the technique 
slightly and extended it to other mammals including humans. The bands obtained, 
were called C - bands. Later cytogeneticists applied methods which generally 
duplicated the Q - band specificities of the human chromosomes with Giemsa stain, 
the bands resulted with these techniques were, thus, known as G - bands. The best 
results have been obtained by treating the chromosomes with a protease solution prior 
to staining with Giemsa (introduced by Dutrillaux et al., 1971) and especially sharp, 
deep bands result if the protease is trypsin (Seabright, 1971; Wang and Federoff, 
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1972). Dutrillaux and Lejeune (1971) developed an additional technique known as R 
staining (reverse Giemsa staining). R staining technique produced bands in reverse 
contrast to the Q - and G- bands, i.e., the chromosomes were dark where Q - and G 
- staining left them light, and light where the dark Q - and G - bands would be 
present. Following Paris Conference (1971), the banding patterns were named as 
described in Table 3. 
Giemsa banding 
Conventional staining techniques are used to uniformly stain 
chromosomesV and leave the centromeres constricted, thus enabling the measurement 
of chromosome length, centromeric position, and arm ratio (Gustashaw, 1991). Prior 
to 1960, when Moorehead and Nowell described the use of Giemsa in their 
chromosome preparations, conventional cytologic stains such as acetoorcein, 
acetocarmine, gentian violet, hematoxylin, Leishman's, Wright's, and Feulgen stains 
were used to stain chromosomes. The Romanovsky dyes (which include Giemsa, 
Leishman's, and Wright's stain) are now recommended for conventional staining, 
because the slides can be easily destained and banded by most banding procedures. 
Orcein-stained chromosomes cannot be destained and banded. Therefore, orcein is 
generally not used in routine chromosome staining. Giemsa stain is now the most 
popular stain for chromosome analysis (Gustashaw, 1991). Giemsa stain, a 
spontaneous oxidation product of methylene blue, alters the chromatin structure by 
removing or displacing proteins in fixed chromosomes. 2\ig of the accessible DNA 
can bind l|ag dye (Comings and Avelino, 1975). 
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Table- 3: History of Chromosome Banding Techniques 
Stain or Banding Technique 
Q-banding 
G-banding (by trypsin) 
G-banding (by acetic-saline) 
C-banding 
R-banding (by heat and Giemsa) 
G-11 stain 
Antibody bands 
R-banding (by fluorescence) 
In vitro bands (by actinomycin 
T-banding 
Replication banding 
Silver (NOR) stain 
Higli resolution banding 
DAPI/distamycin A stain 
Restrictionendonuclease bandi 
,D) 
ng 
Investigator 
Caspersson, Zech, Johansson 
Seabright 
Sumner, Evans, Buckland 
Arrighi, Hsu 
Dutrillaux, Lejeune 
Bobrow, Madan, Pearson 
Dev, et al 
Bobrow, Madan 
Shafer 
Dutrillaux 
Latt 
Howell, Denton, Diamond 
Yunis 
Schweizer, Ambros, Andrle 
Sahasrabuddhe, Pathak, Hsu 
Year 
1970 
1971 
1971 
1971 
1971 
1972 
1972 
1973 
1973 
1973 
1973 
1973 
1976 
1978 
1978 
26 
A model of G banding is proposed below: 
Trypsin (protease) nicks and denatures the protein part; the protein rearranges 
so that it's positively charged groups titrate the negative DNA phosphate; during 
staining, the methylene blue (Giemsa) competes with proteins for the G band DNA, 
but the R band (Reverse Giemsa) proteins are bound too tightly to be displaced in R 
bands. 
Crossen (1973) induced the G banded state with 0.07N NaOH for 2 minutes 
followed by 20 mM phosphate buffer for 2 hours at 60°C. When stained with Giemsa, 
destained with cresyle violet they are banded as if they were stained with Giemsa. For 
obtaining good sharp bands eosin salt is also recommended (Evans, 1978). 
Proteolytic enzyme treatment 
Trypsin solution was prepared by taking 10 mg trypsin powder/ 100ml 
phosphate buffer (pH 6.8). Air dried slides were immersed in 0.015% solution at 36° 
C for variable time intervals of 15,30 and 45 seconds respectively. Isotonic saline 
treatment (0.9% NaCl solution) involve rinsing of trypsin treated slides in isotonic 
saline for 2 times respectively, then washed in 95% alcohol, stained in 2% buffered 
Giemsa, washed twice in phosphate buffer and blotted dry. Rinsed in xylol and 
mounted in DPX. Some modifications in the technique were also practiced. 
Trypsinized slides were washed in Sorensen phosphate buffer at room temperature 
through rinsing, then immersed in distilled water to wipe off excess buffer, stained in 
5% buffered Giemsa, dipped in distilled water to clear excess stain, air dried and 
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mounted in DPX. Down side stain was wiped by 95% alcoliol. Consisting banding 
patterns involve Hydrogen Peroxide treatment before trypsinization. 
Photography: 
Detectable and finely spread metaphase chromosome spots were analyzed 
under lOOX oil immersion, position of the desired spot was marked by reading scales 
over the microscope. Photographs were taken with an automatic camera attached in a 
Nikon microscope. Three or four black and white copies of optimal size were 
developed in a photostudio or in the Department's own dark room. Chromosomes 
were cut pasted according to the size, ideogram (arranged karyotype) was prepared 
and rephotographed for the final analysis. 
For the clear analysis of karyotype and the identification of banding patterns, 
computer added imaging technique (Karyotech, Germany) was used to take the 
chromosome photographs presented as plates 1-4. 
Human Karyotype Analysis 
Cells in the late prophase or metaphase stages of mitosis have condensed 
chromosomes that possess distinctive morphological features visible in the light 
microscope. The collective features of a set of condensed chromosomes arrested at 
metaphase stage of cell division and spread onto a microscopic slide are defined as 
'karyotype' of the chromosomes. Arrangement of metaphase chromosomes according 
to size and banding patterns forms a 'karyotype chart' that is used to distinguish 
human chromosomes from those of other mammals. The diagrammatic representation 
of chromosomes that was made to visualize better their differences in length and 
centromere position constitutes an 'ideogram'. 
28 
# 
^ 
- " * • 
e. 
sm 
\ . ^ 
^ 
^ 
\ ^ ^ ^ 
t 
^ 
Plate-1 (A). Human male metaphase chromosomes, 46XY. 
•It 
1 f 1 
I | g f 
» 
1g^  
m 
10 11 
I II 
S I I 
13 
I I l l &i 
16 17 18 
^ § ^ § » .^  'a^ f^ (k) 
Plate- 1 (B). Karyotype showing a normal male proband 46, 
XY. 
^''^ 
\ 
V 
<?!*• 
0 ^ 
i-
Plate- 2 (A). Human female metaphase chromosomes, 46XX. 
II 
13 
If i | II 11 
2 3 
i» la 
19 20 
II 
7 8 9 
11 ii 
14 15 
I 
'I 
10 
16 
21 
1^  f I 
11 
n 
17 
22 
I 
5 
12 
I 
i 
18 
XX 
Plate- 2(B). Karyotype showing a normal female proband. 
46,XX. 
A normal karyotype was characterized during the four major conferences that 
were held to develop universal standards for the karyotype description and the 
description of chromosomal abnormalities. These were - the Denver Conference 
(1960), the London Conference (1963), the Chicago Conference (1966), and the Paris 
Conference (1971). During the Denver Conference (1960), seven (7) groups of 
human chromosomes were defined based on the size and the centromere position of 
the chromosomes. Upper case letters A-G, used to designate these seven groups, got 
the approval in the Chicago Conference (1966), while, at the Paris Conference (1971) 
letter p (petite) was designated for the short arm and the letter q for the long arm of 
each chromosome (Table- 3). 
The ratios of lengths of the two arms and the centromeric index that allowed 
the classification of chromosomes into several basic morphologic types were 
formulated as: 
Arm ratio = Length of the long arm (q) / Length of the short arm (p) 
Centromeric index © = Length of short arm/ whole length (p+q arm) 
Measurements have been taken either by pairing off method (centromere to 
centromere wise pairing in pq fashion) or Karyogram method (relative length of q 
arm to p arm were expressed as percentage of total haploid complement and were 
then, read on a graph. A single point on the graph represented chromosome). Table- 5 
gives the relative lengths and the centromeric indexes (the ratio of the length of small 
arm to the total length of chromosome) of human somatic cell metaphase 
chromosome. 
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Besides the centromeric constriction (primary constriction), by which 
centromeric indices were calculated as described above, there are other indented 
regions in the chromosome of a metaphase, which are used for demarcation. These 
are collectively referred as the secondary constrictions. The primary and the 
secondary constrictions contain heterochromatin and thus exhibit different staining 
properties, as opposed to euchromatin of the chromosomes. Large masses of the 
heterochromatin at the constriction form constitutive heterochromatin (nucleolar 
organizer regions). Some of the D group chromosomes (13-15) have very prominent 
secondary constrictions near the tip of their short arm, giving the tip a satellite shape. 
During the next few years, several new staining methods were developed that 
revealed substructures within the chromosomes. These substructures had the form of 
alternating dark and light bands of various widths (Paris Conference, 1971). The 
bands are allocated to various regions along the chromosome arms, and specific 
landmarks delimit the regions. These landmarks are defined as consistent and distinct 
morphologic features important in identifying chromosomes. Landmarks include the 
ends of the chromosome arms, the centromere, and certain bands. The bands and the 
regions are numbered from the centromere onwards. A region is defined as any area 
of a chromosome lying between two adjacent landmarks over the chromosome. In a 
chromosome map a particular band, is thus designated on the basis of four 
requirements: the chromosome number, the arm symbol, the region number and the 
band number within that region. Sub - bands, within each band, were later, also 
numbered using more refined staining techniques (Max Leviton, 1977). 
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A standard Giemsa band map of 46 human chromosomes is shown in figure 1. 
Approximately 300 bands are detectable when metaphase chromosomes are stained. 
The high-resolution technique, introduced by Jorge Yunis (1976) reveals 
approximately 1200bands, and is proving to be especially useful in the detection of 
small deletions and other chromosomal rearrangements. 
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Table- 4: Chromosome classification as per their centromeric position 
Terminology Sym 
-bol Centromere position 
Arm 
ratio Number/ Size 
Metacentric 
Submetacentric 
Submetacentric 
Acrocentric 
Submetacentric 
IVIetacentric 
Acrocentric 
M 
Sm 
Sm 
'I" 
Sm 
M 
t 
Median 
Submedian 
Submedian 
Terminal 
Submedian 
Median 
Terminal 
1.0 
3.0 
3.0 
3.0 
1.0 
1 -3 (Large) 
4,5 (Large) 
6-l2+X*(lnt) 
13,15 (Large) 
16-18 (Small) 
19,20 (Small) 
21,22+Y(Small) 
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Table- 5: Relative lengths and centromeric indexes of human metaphasc chromosomes 
Chromosome 
Number 
Group" 
Relative 
Length^ 
Centromeric Index' 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
X 
Y 
A 
A 
A 
B 
B 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
E 
E 
E 
F 
F 
G 
G 
C 
G 
8.4 
8.0 
6.8 
6.3 
6.1 
5.9 
5.4 
4.9 
4.8 
4.6 
4.6 
4.7 
.7 
3.6 
3.5 
3.4 
3.3 
2.9 
2.7 
2.6 
1.9 
2.0 
5.1 
2.2 
48 
39 
47 
29 
29 
39 
39 
34 
35 
34 
40 
30 
17 
19 
20 
41 
34 
31 
47 
45 
31 
30 
40 
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The seven groups (A -G) were designated before banding techniques were developed. They 
are based on relative lengths and centromeric indexes. 
Relative length is expressed as a % of the total haploid autosome length. 
The centromere index is the length of the short arm divided by [total chromosome length x 
100]. 
33 
Q, .© 
IS 16 17 
-3^) 
18 
19 
m 
20 
.^•-wf 
21 
@ © 
.V-..4 
\ ; 
22 
'- .'  I ^  
asi bJ 
\ : I 
?i 
FIGURE 1: DIAGRAMMATIC REPRESENTATIONS OF THE 24 KINDS OF HUMAN 
CHROMOSOMES AND THEIR BANDING PATTERNS. 
CASE STUDIES 
• • • 
CASE STUDIES 
Chromosomal analysis of referrals to diagnose the karyotypic irregularities 
and genetic abnormalities is a flourishing and practical idea in the field of 
cytogenetics, particularly in the case of human beings. But in developing countries 
like India this field of research is not much advanced. The teaching hospital of 
Aligarh Muslim University, i.e. .IN Medical College and Hospital, AMU, is a well-
known health care center not only for the local masses but also for the people of 
nearby places. Although, specialized in different fields of medicine, there is no 
branch for the genetic unit. An attempt has been made to present such cases for 
genetic diagnosis and counseling services. Probands with probable chromosomal 
abnormalities were referred to the cytogenetic lab (31) of the Section of Genetics, 
Department of Zoology, AMU, after the required immunological and physical 
checkup by the consultant physician. History was taken and pedigrees were drawn up 
to three generation as per the standard style. Although the study is limited, 
nevertheless was an attempt to diagnose the cytogenetic abnormalities and 
chromosomal constitution of the cases helping in directing their way of treatment. 
The attempt was made in systematic way by first considering the material 
(referred case), then going through a revised method of Moorehead et al. (1960). 
Practicing the reigning GTG banding technique and finally obtaining a considerable 
result ending the study by an elaborate discussion. 
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RESULTS 
• • • 
RESULTS 
The metaphase plates of the patients were analyzed for the karyotype 
abnormalities. Results were drawn from general, clinical and cytogenetical basis and 
pedigrees were constructed to sort out the inherited disorders. The results are 
presented in Tables 6 - 1 3 . 
Characteristics of the sample 
As shown in Table 6, referred cases were 30. A total of 35 metaphases were 
analyzed from G- banded preparation of the chromosomes for the referred patients. In 
case of normal numerical chromosome count, only 1 0 - 1 5 spots were analyzed for 
the confirmatory results of 46, XX or 46, XY as the case may be. 23 cases out of 30 
patients were having normal chromosomal complement (46, XX/ XY), although one 
or the other clinical abnormality was noticed in all of them. In seven (7) cases, 
clinical as well as chromosomal abnormalities have been recorded. This data 
indicated a lower diseases penetrance as compared to the normal healthy individuals. 
The control samples (20) were also put for the culture, but only for the 
standardization of the culture, metaphase plates and banding, they were not included 
in the results. Controls were the healthy donors, both males and females from the 
university campus. 
Analysis of Table- 7 and Table- 9 indicating the case study of the referrals and 
their social and ethnic background showed that the number of females predominates 
over the males. There were 25 female referrals out of total 30 cases, while number of 
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TABLE- 6 
KARYTYPIC PROFILE OF THE REFERRALS WITH REGARD TO THE 
OBSERVED ABNORMALITIES 
Case no. 
PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pl l 
P12 
P13 
P14 
P15 
P16 
PI7 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 
. P29 
P30 
Karyotype 
46,XX 
45X0/46,XX 
46,XX 
45X0/46,XX 
46,XX 
46,XX 
46,XX 
45,X0/46,XX 
45,X0/46,XX 
46,XX 
46,XX 
46,XX 
46,XX 
45X0/46,XX 
45X0/46,XX 
45X0/46,XY 
46,XX 
46,XX 
46,XX 
46,XY 
46,XX 
46,XX 
46,XX 
46,XY 
46,XY 
46,XX 
46,XX 
46,XX 
46,XY 
46,XX 
No. of 
metaphases 
15 
30 
12 
35 
15 
15 
12 
32 
35 
15 
10 
12 
25 
30 
30 
30 
32 
25 
25 
20 
18 
12 
15 
12 
12 
18 
15 
12 
20 
15 
Abnormalities noticed 
Normal 
Probable Mosaic (X trans.) 
Infertile 
Infertile 
Normal 
Primary amenorrhea 
Normal 
Probable Mosaic (Turner) 
Dysmorphic features, prob. mosaic 
Low I.Q. 
Growth retarded 
Infertile, Primary amenorrhea 
Primary amenorrhea 
Infertile (Probable mosaic) 
Probable mosaic (Turner) 
LowIQ 
Normal 
Primary amenorrhea 
Infertile (POP) 
Infertile 
Growth retarded 
Normal 
Growth retarded 
Tall stature 
Normal 
Primary amenorrhea 
Growth retarded 
Infertile 
Infertile 
Normal 
Trans: Translocation; POP: Premature Ovarian Failure; Prob: Probable 
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TABLE- 7 
KARYOTYPE ANALYSIS OF THE REFERRED PATIENTS 
Case 
no. 
PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pll 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 
P29 
P30 
M: Male; 
Sex 
M/F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
F 
F 
F 
M 
F 
F 
F 
M 
M 
F 
F 
F 
M 
F 
F: Female 
Age 
(Yrs.) 
18 
17 
25 
22 
19 
18 
12 
12 
18 
16 
12 
24 
• 17 
25 
15 
16 
18 
16 
23 
29 
16 
18 
U 
17 
22 
17 
14 
27 
28 
19 
Mo.: 
Age at birth(Yrs.) 
Mo. / 
30 
-
42 
25 
-
-
-
-
24 
-
-
-
-
-
30 
19 
19 
-
-
-
-
-
-
-
-
-
-
-
-
: Mother; Fa.: 
Fa. 
35 
-
54 
32 
-
-
-
-
29 
-
-
-
-
-
34 
21 
22 
-
-
-
-
-
-
-
-
-
-
-
-
; Father 
Marital status 
U 
U 
M 
M 
U 
U 
U 
U 
U 
U 
U 
M 
U 
M 
U 
U 
U 
u 
M 
M 
U 
u 
u 
u 
M 
u 
u 
M 
M 
U 
M: Marrie; U: 
Karyotype 
46,XX 
45,X0/46,XX 
46,XX 
45,X0/46,XX 
46,XX 
46,XX 
46,XX 
45,X0/46,XX 
45,X0/46,XX 
46,XX 
46,XX 
46,XX 
46,XX 
45,X0/46,XX 
45,X0/46,XX 
45,X0/46,XY 
46,XX 
46,XX 
46,XX 
46,XY 
46,XX 
46,XX 
46,XX 
46,XY 
46,XY 
46,XX 
46,XX 
46,XY 
46,XY 
46,XX 
Unmarried 
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TABLE - 8 
FREQUENCY OF MALE/ FEMALE PROBANDS AND THE TOTAL DISEASES 
INCIDENCE RATIO. 
XY/XX XYY/XXX 
c? g c? g 
XXY Mosaics Other 
MALES 
CONTROLS 10 10 
PROBANDS 
Low I.Q. 
Infertile 
Tall Stature 
Normal 
0 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
NO. OF 
0 
1 
0 
0 
CASES 
1 
2 
1 
1 
5 
FEMALES 
CONTROLS 
PROBANDS 
LOW I.Q. 
Dysmorphic 
features 
Primary 
ammenorrhea 
Suspected 
mosaic 
Infertile 
' Growth retarded 
PDF 
Normal 
10 
1 
0 
4 
0 
3 
4 
1 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
3 
1 
0 
0 
0 
NO. OF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
CASES 
10 
1 
1 
5 
3 
4 
4 
1 
6 
25 
S : Male ; ? : Female 
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TABLE- 9 
STUDY OF SOCIAL AN ETHINIC STATUS OF THE REFERRALS 
Social and ethnic state Number of patients 
Males 5 
Females 25 
Married 9 
Unmarried 21 
Muslim 17 
Hindu 13 
Consanguineous 10 
Non Consanguineous 20 
males was only 5. The age group selected for the study was 11 years to 29 years, and 
the approximate mean age of the patients in the study was 19 years (Table 7). The 
frequency table (Table- 8) of male and female probands and the occurrence of 
abnormalities revealed more affected females. The studied frequency of mosaic cases 
was higher in females (6 in 30), then in males (only 1 in 30). Other suspected cases of 
infertility, growth retardation, dysmorphic features, lower IQ etc also showed higher 
incidence in females (Table 8). Plotted graphs of incidence ratio of males/ females 
against total number of females and also against total number of males showed a 
continuous relationship with increasing and decreasing incidence, resulting in a nearly 
hyperbolic equation for the female referrals. On the other hand a J - shaped curved line 
was obtained in the second graph plotted for the males. It showed an increasing trend for 
the disease incidence in males, both the results being opposite from the general trend due 
the relatively small size of the sample (Figure 2 and 3). 
The detailed description of the social background and the ethnic state of the 
patients from Table- 9 showed that Muslims have been represented slightly more than the 
Hindus (17: 13). Study of the marital status, from the same table disclosed 21 unmarried 
cases, and 9 marital couples. Analysis of the marriage patterns of the parents of the 
referrals (Table- 9 and Table- 10) has revealed a probable negative effect of the 
consanguinity or the intermarriage among the parents over the proband. Out of total 10 
consanguinity cases, 8 cases have shown an effective child, while in only 2 cases 
consanguinity seemed to have no negative effects in the offspring's health. Pedigree 
examination through family history of the patients (Figure 6, 7, 8, 9) helped to study the 
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TABLE- 10 
STUDY OF THE PARENTAL RELATIONSHIP OF THE PARENTS 
Case 
no. 
PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
PU 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
, P28 
P29 
P30 
Age 
(yrs) 
18 
17 
25 
17 
19 
18 
12 
12 
18 
16 
12 
24 
17 
25 
15 
16 
18 
16 
23 
29 
16 
18 
11 
17 
22 
17 
14 
27 
28 
19 
Sex 
M/ F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
F 
F 
F 
M 
F 
F 
F 
M 
M 
F 
F 
F 
M 
F 
Ethnic 
state 
Hindu 
Muslim 
Hindu 
Muslim 
Hindu 
Muslim 
Hindu 
Hindu 
Muslim 
Muslim 
Muslim 
Hindu 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Hindu 
Muslim 
Hindu 
Hindu 
Muslim 
Hindu 
Hindu 
Hindu 
Muslim 
Muslim 
Muslim 
Hindu 
Muslim 
Abnormality 
(observed) 
Norma! 
Prob. Mosaic 
Normal 
Infertile 
Normal 
Primary amenorrhea 
Normal 
Prob. mosaic 
Dysmorphicfeatures, prob.mosaic 
Normal 
Growth retarded 
Infertile, Primary amenorrhea 
Primary amenorrhea 
Infertile 
Suspected mosaic 
LowIQ 
Normal 
Primary amenorrhea 
Infertile (POF) 
Infertile 
Growth retarded 
Normal 
Growth retarded 
Tall stature 
Normal 
Primary amenorrhea 
Growth retarded 
Infertile 
Infertile 
Normal 
Consanguinity amon: 
parents 
Non consanguineous 
Consanguineous 
Non consanguineous 
Consanguineous 
Non consanguineous 
Consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Consanguineous 
Non consanguineous 
Non consanguineous 
Consanguineous 
Consanguineous 
Non consanguineous 
Consanguineous 
Non consanguineous 
Non consanguineous 
Consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Non consanguineous 
Consanguineous 
Consanguineous 
Non consanguineous 
Non consanguineous 
TABLE- 11 
PARENTAL AGE AND THE DISEASE ONSET IN PROBANDS 
^ Age of the . , ... 
Case " . Abnormality 
no. , , (Observed) (yrs) 
Sex Age at birth(yr.) Mean 
M/F Mo. Fa. age(yr) 
Approximate 
age(yr) 
P2 
P4 
P5 
PIO 
P15 
P16 
P17 
P18 
P22 
18 
17 
19 
16 
15 
16 
18 
16 
18 
Prob. Mosaic 
Infertile 
Normal 
Normal 
Suspected mosaic 
LowIQ 
Normal 
Primary amenorrhea 
Normal 
F 
F 
F 
F 
F 
M 
F 
F 
F 
30 
42 
25 
24 
30 
19 
19 
31 
31 
35 
54 
32 
29 
34 
21. 
22 
34 
36 
32.5 
48 
28.5 
26.5 
32 
20 
20.5 
32.5 
33.35 
33 
48 
29 
2 
32 
20 
21 
33 
34 
Mean Age (yrs) 27.5 
-28 
32.62 
-33 
30.06 
M: Male; F: Female Mo.: Mother ; Fa.: Father 
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role of consanguineous marriages and the parental relationship over the patient's genetic 
health. Clinically / genetically abnormal child has been found in 14 out of total 20 
non -consanguineous cases. Relative age patterns of the parents of some probands and 
the onset of abnormalities in the child were studied through Table- 11. The maternal 
age ranged from 19 years to 42 years, while the same for father ranged from 21 to 54 
years. Average age of mother has been calculated to be 27.5 (~ 28) years, and that for 
father to be 32.6 (-33) years. Average mean parental age was 30 years. The graph of 
mean maternal age was plotted against the number of patients and a fairly continuous 
distribution was obtained. There was a considerable overlap at the age group 35-40, 
possibly because of small number of referrals. The graph pointed out an increase in 
the incidence rate of abnormal child between maternal age group of 30 - 35 years 
(Figure- 4). In the other graph (Figure- 5) approximate mean parental age was plotted 
against the number of patients. This graph also showed the same properties as the 
previous graph, revealing the cytogenetically abnormal child at 30 - 35 years of 
parental age. 
Clinical results were based on the detailed study of the physical features of the 
referred patients. The proband with dysmorphic features was examined to have 
hypertelorism, flat nasal bridge, low set ears, and protrusion of the tongue, epicanthic 
folds, reduced eye inter eye distance, swollen eye lids, disproportionate facial features, 
short neck, broad hands and feet with stubby figures, low mental response. 
Dermatoglyphical examination showed a reduced palm angle (atd angle >40°). 
Case study of primary ammenorrhic patients showed no attainment of 
menstruation, or in some of them it is delayed, less and irregular with pain during the 
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cycle, poorly developed physique, sparse or no hairs and general infertility. Infertile 
patients were also reported to have irregularities and delays in menstruation cycle, small 
size uterus (bipartite in one case), and small ovaries. Probable mosaics (Turners) 
appeared to have no secondary sexual developments, no menstruation in case of female 
mosaics, and no attainment of puberty in mosaic males, shy in nature, infertile, some 
might also have dysmorphic features etc. Probands referred for retarded growth shows 
short stature, low IQ, and poor physical development. 
Cytogenetic Study 
Results were based on the chromosomal and karyotype studies of the patients. 
Table- 12 showed six female Turner mosaics having a cell line of 45, XO/ 46,XX. 14% to 
40% variation has been found between the degree of mosiacism and the normal cell lines. 
Metaphase preparation of one male mosaic child with low IQ and reduced palm angle 
showed 45, XO/ 46, XY in ~ 14 % of the cells, while ~ 86 % of the cells show normal 46, 
XY. Plate- 3 (A, B) and Plate- 4 (A, B) showed metaphase spreads (A) and arranged 
karyotypes (B) of a female mosaic (turner) and an infertile male mosaic patient (46,XO/ 
XX and 46,XO/ XY) respectively. 
No deletion and translocations were observed, but monosomy of X chromosome 
has been noticed (Plates- 3 and 4) in the cases of some infertile patients and some 
referred mosaic (Turner) patients. One of the male patients with 45, XO/45,XY 
complement actually had chromosome Y missing and the male determining genes present 
on Y chromosome were suspected to be present on some other chromosome due to 
possible crossing over. Analysis of the karyotypes of the 8 infertile patients (Table- 13) 
44 
s - J 
/ / 
^ « 
* ¥ 
% 
5#lf^ * 
X 
Plate- 3 (A). Metaphase chromosomes of an infertile 
mosaic male, 45, XO/ XY. 
1 
f» 
i t i 
10 
t 
f I tt i 
11 
e * 
5 
if 
12 
13 14 
19 20 
15 
i. 
16 17 
21 22 
18 
C 
X X 
Plate- 3(B). Karyotype of an infertile mosaic male, 
45,XO/XX. 
z^ ^  ^^ 
<m?' '-• 
<m » 
s $. 
m 
% 
ca %. ^ ' ^ ^ 
Plate- 4 (A). Metaphase chromosomes of an infertile Turner 
mosaic female, 45X0/ XX. 
t-^t 
H^ 
6 7 
ii Si 
13 14 
19 20 
8 
15 
ii mm 
10 
i © 
16 
11 
4m 
17 
21 22 
1© 6|i 
5 
ii 
12 
ifi 
18 
X X 
Plate- 4(B). Karyotype of an infertile Turner mosaic female, 
45X0/XX. 
Pedigree analysis 
Pedigree analysis is a classical method of identifying the patterns of 
inheritance of heritable genetic disorders in two or more generations. Four pedigrees 
of the probands were analyzed depending upon the parental relationship (Figure- 6, 7, 
8, and 9) and the results were presented as: 
1. First pedigree showed a non-consanguineous marriage pattern of the parents 
with all chromosomally normal offsprings. One of the female children in the referred 
cases was found to be normal chromosome segment, despite some clinical abnormality. 
2. Second pedigree showed a consanguineous marriage with all normal children 
in the next generation. Four-generation history till the proband showed the absence of any 
inherited chromosomal abnormality in the offsprings. Referral was a female child without 
any numerical karyotype abnormality in the 4* generation. 
3. Analysis of the third pedigree revealed an infertile patient without any parental 
consanguinity. Pedigree showed two more aborted cases in the same generation to which 
the proband belongs. 
4. Lastly, fourth pedigree revealed a highly consanguineous family with 
intermarriages. This pedigree was drawn till five generations. Proband has belonged to 
the 4* generation in which three issues were aborted previously and two sibs have been 
affected clinically. Proband was analyzed to have a chromosomal defect. 
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TABLE-12 
PERCENTAGE OF MOSAIC CELL LINES IN THE PATIENTS 
d 
a 
-•-< 
a 
P2 
P4 
P8 
P9 
P14 
P15 
P16 
Mosaic 
female 
Infertile 
female 
Mosaic 
female 
Dysmorphic 
featured female 
Probable 
mosaic female 
Probable 
mosaic female 
Low I.Q. 
male 
fli 1/3 
30 
35 
32 
35 
30 
30 
30 
^ .s 
« S3 
-a .a 
a o 
^ E 
12 
5 
9 
11 
6 
9 
4 
V3 
cn 
— « 
2: S 
18 
30 
23 
24 
24 
21 
26 
& 
(/I 
O 
40% 
14% 
28% 
30% 
20% 
30% 
14% 
o 
60% 
86% 
72% 
70% 
80% 
70% 
86% 
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TABLE -13 
ANALYSIS OF THE INFERTILE PATIENTS 
Case 
no. 
P3 
P4 
P12 
P14 
P19 
P20 
P28 
P29 
Age 
(Yr.) 
25 
18 
24 
25 
22 
28 
27 
28 
Sex 
M/F 
F 
F 
F 
F 
F 
M 
F 
M 
Ethnic state 
Hindu 
Muslim 
Hindu 
Muslim 
Muslim 
Hindu 
Muslim 
Hindu 
Karyotype 
46,XX 
45,X0/46XX 
46XX 
45,X0/46XX 
46,XX 
46,XY 
46,XX 
46,XY 
M: Male; F: Female 
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DISCUSSION 
General discussion 
Chromosomal analysis is an important component in the diagnosis and 
evaluation of genetic disorders. Chromosomal abnormalities being a consequence of 
non-disjunction occurred during maturation of oocyte can result malformations, 
dysmorphic features, mental retardation, or aberrant sexual differentiation. Such 
disorders occur in approximately lin 150 liveborns. In addition, a fetal chromosome 
abnormality causes over 50% of first trimester spontaneous abortions (Thompson et 
al, 1991). There are over 100 chromosome related syndromes that have been reported 
from al over the world. While on an individual basis many of these are rare, together 
they make a major contribution to human morbidity and mortality (Mueller RF, 
Young ID; 1995). The incidence of genetically determined diseases usually is 
dependent to a larger extent on the choice of cases and the facilities available in that 
area (Verma, 1978; Talukdar et al, 1979). The overall incidence of visible 
chromosomal abnormalities is higher in aborted specimens than in live births (5 -
6/1000) (Jacobs et al., 1974; Hamerton et al., 1975; Carr, 1969). Several studies have 
shown documented chromosomal abnormalities among unselected populations. Other 
cytogenetic studies among selected populations with abnormal phenotype features 
have also been conducted (Singh DN, 1977; Verma RS, Dosik H, 1980). The 
frequency and incidence of chromosomal abnormalities is known to be significantly 
higher in selected populations than in unselected populations (Shah et al., 1990; 
Nkanza NK, Tobani CT, 1991). The present work, although having a smaller sample 
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size (thirty referrals) supports tlie same viewpoint. Our sample of medical referrals 
particularly infertile/ subfertile patients with varied reproductive problems shows 
23% (7/30) of the sample with some chromosomal abnormality. The slightly higher 
frequency is probably due to the smaller sample size. The frequency of the 
chromosomal aberrations is generally assumed to be higher in males than in females, 
possibly because male gametes are the product of many more cell divisions, on an 
average, than are female gametes (Edwin, 1993). Also this is a consequence of the 
presence of single X chromosome in males (Edwin, 1993). However, in the present 
work, contradictory results of more number of affected females than males, were 
obtained, largely due to relative small size of the study sample and also it may be due 
to the effects of environmental factors. 
Most of the specific cytogenetic syndromes have a constellation of features 
that distinguish them and allow the clinician to suspect the condition (Seashore MR, 
Wappner RS, 1996). But the major autosomal abnormalities share a number of 
phenotypic features that are not distinctive or specific, including mental retardation, 
cardiac malformation and growth deficiency. While there is variability within every 
cytogenetic syndrome, neonatal death and serious congenital malformations are 
frequent manifestations. Down syndrome is recognized frequently on the basis of 
both clinical as well as cytogenetical features, while other phenotypes such as Patau 
and Edward syndrome, associated with trisomies 13 and 18, respectively, may result 
in death before either phenotypic suspicion or recognition occurs (Gunter, 1987). The 
referrals for growth retardation, lower l.Q. and dysmorphic features, in the present 
sample do share the phenotypic features to a greater extent. Among few monosomic 
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syndromes Turner syndrome is one chromosomal aberration that can be recognized 
clinically during infancy or childhood based on short stature, broad shield chest, 
lymphoedema of the lower limbs, webbed neck and multiple minor anomalies (Ikeda 
et al., 1982). However, karyotyping is necessary to confirm the diagnosis. The 
associated genotype for such cases is reported to be too rare (Gunter, 187) and the 
reported incidence of Turner mosaic is very low, in neonates it is reported to be 
0.04% (Kenue et al., 1995). Present sample being too small to get a significant 
outcome does not agree with the above views completely. The phenotypic features for 
the disease recognition were not distinctive in all the mosaic turner patients. Only two 
such patients were having distinctive features. Present study included eight patients 
with mosaic Turner syndrome. Their karyotype patterns were variable with 
45,X/46,XX (40% mosaic cell lines and 30% mosaic cell lines) in six cases, while 
4,X/46,XY (30% mosaic cell lines) in one case. This frequency approximately agrees 
with Guera et al. (18%)(Guera et al., 1991), but is higher than that reported by Kenue 
et al. (2.5%) (Kenue et al., 1995). This approximation reflects the smaller number of 
referrals. Abulhasan et al. (1999) have reported a much higher frequency of Turner 
mosaics. They studied 22 cases with Turner syndrome features, out of which 36% 
were reported to have the cell line 45,X/46,XX, 45,X/46X,i (Xq) and 45,X/46,XX/ 
47,XXX also. 
There are wide variations in the frequency of clii-omosomal aberrations, 
considered as a whole, in individuals suspected of having genetic disorders as 
reported by different investigators (Shah et al, 1990; Nkanza NK and Tobani CT, 
1991). Berry et al. (1991) studied 114 patients and found cliromosomal aberrations in 
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18 (15.8%). Navsaria et al. (1993) evaluated 1000 patients and found chromosomal 
aberrations in 160 (16%). AI-Awadi et al. (1992) studied 472 patients and found 92 
cases (19.5%). Al-Arrayed (1991) reported a frequency of 27% among 500 patients, 
while Verma and Dosik (1980) found a frequency of 27.1% among 357 patients. 
Singh (1977) reported a frequency of 28.8%. among 451 patients. Present work is in 
line with the previous work with a frequency of 23% among 30 patients when only 
chromosomal aberrations are considered, but it is very high (~ 70%) when both the 
chromosomal as well as non-chromosomal (clinical) abnormalities are included. This 
high incidence reflects the relatively small size of the study sample. 
The over all incidence of malformations and genetic abnormalities is 
dependent on the maternal age (Jaikrishan et al., 1999). Maternal age is the main risk 
factor for disease occurrence. Chromosome abnormalities are more likely to occur 
with advanced maternal age (Hook, 1981). Jaikrishan et al. (1999) have reported the 
overall diseases incidence of malformations to be 1.46% depending on the maternal 
age during one of their genetic monitoring study. Other workers like 0 Neil (2001) 
proposed that chromosomal abnormalities in children became increasingly common 
from the time a woman is 35 years old, and older fathers may also contribute to the 
onset of abnormalities. Trisomy 21 is one such abnormality predominantly reported to 
be a result of meiotic eiTors related to the increased maternal age, regardless of 
whether the couple has experienced one or multiple aneuploid spontaneous abortions 
(Robison et al., 2001). Results obtained from the present study are in agreement with 
the previous work. Graph- 3 in the present study illuslrales high number of affected 
children during the age group of 30 - 35 maternal age. Other graph (Graph- 4) of 
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overall related parental age (mean) and the number of patients also supports the 
evidence to some extent as the increased paternal age as an additive cause of disease 
occurrence. However, working with little samples like the present case studies, the 
information about the maternal age and the onset of disorders cannot be predicted on 
sample-based information. The increasing trend in frequency of affected patients birth 
in mothers aged 3 0 - 3 5 years may be linked not only to higher age group of the 
mother, but also to greater frequency of mothers presented in this age group. 
Discussion - A Case Study 
As mentioned earlier the main objective of this study was to examine the 
karyotypic abnormalities of the referred medical patients especially the infertile cases. 
These cases were studied for abnormalities of sexual development, ambiguous 
genitalia, puberty failure, couples with spontaneous abortions and couples with 
infertility problem. Examining the results, some contrasting features are also 
observed. This delineation is because of the size of the sample that is small. 
Genetic issues confront clinicians in every specialty of medicine. Infertility 
and reduction in fertility are the frequenth' encountered problems in the medical 
genetics. It has been estimated to afflict between 15-30% of the population in 
industrialized countries (SG Somlcuti, 1997). Chromosomal heteromorphism (Gosh et 
al., 1982), gonadal dysgenesis, premature ovarian failure, hormonal imbalances, are 
some major reasons for the reduced capability. Several non-genetic factors including 
various food additives, chemicals and pollutants, caffeine, over-exercising, chronic 
stress, high doses of ionizing radiation, temperature, alcohol etc. contribute to fertility 
problems and negative reproductive outcomes. One study examined 1050 infertile 
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women and calculated a relative risk of increased caffeine consumption and specific 
causes of their infertility (SG Somkuti, 1997). Consanguinity among parents increases 
the risk (Max Levitan, 1977). 
Chromosomal Hetromorphism: 
The carriers of chromosomal heteromorphism are generally free from 
phenotypic abnormalities (Wahrman et al., 1972) but are often associated with 
reduced fertility, repeated spontaneous abortions and various other chromosomal 
abnormalities, either in carriers or in close relatives (Nielson, 1980). Mowevcr, in the 
present study due to small sized sample, it is difficult to assign the role of minor 
chromosome heteromophism as the cause of spontaneous abortions. Also only one 
patient was referred for spontaneous abortion, and her karyotype was normal too. 
Gonadal dysgensis: 
Guitron-Cantu et al. (1999) reported anomalies affecting reproductive 
performance, gonadal dysgensis and congenital absence of the uterus. Reproductive 
performance was associated with an abnormal karyotype showing two mosaic cell 
lines, 45, X / 46, Xdic (X). Other anomalies occurred coincidentally. Analysis of the 
referred infertile patients, although few in number (six females and two males), show 
variable number of mosaic cell lines in the present study. The patients were reported 
to have poor/ no reproductive performance, unmarried referrals lack proper menstrual 
cycling, underdeveloped reproductive organs and sparse / no pubic hairs. Women 
under the age of 16 - 25 years were more affected, and only two men were reported 
to be infertile, one showing normal karyotype Our sample shows a little more 
increased percentage of mosaic cell lines (30% and 40%) and it is due to significantly 
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small sample size. Duba et al. (1997) have reported chromosomal instability as a 
cause of infertility in a woman. Two brothers of the proposita were also reported to 
have chromosomal anomalies identical to those of the patient, however with out any 
clinical abnormalities. The parents were also affected but moderately, while other sibs 
were normal. Present work, going in agreement with the previous report, analyzes a 
case of a female referrals, 22 years of age. She was having a cell line 45, X / 46,XX, 
very small uterus, primary ammenorrhoea, high blood sugar level, irregular 
menstruation, obesity and infertility'. Pedigree analysis (Figure 4) shows two other 
sisters of the proposita having the same case history, parents, although normal, 
reported to have two juvenile deaths and one aborted issue. Brothers of the patient 
are, however, normal. Parental marriage was first degree consanguineous with some 
clinical anomalies in the family of the patient. This case is proposed to be a novel 
case of familial inheritance. 
Inherited forms of infertilit}' cause delayed puberty and hypogonadism 
(Lawrence C. Layman, 1998). In females chromosomal defects include a 45,X cell 
line and X chromosome deletions while in males, Klinefelter syndrome (47,XXY) 
and 46,XX are different diagnoses seen with abnormalities in puberty and infertility 
(Lawrence C. Layman, 1998). Infertilit}' with normal puberty due to chromosomal 
causes is also reported. Some 45,X individuals have normal puberty, but have early 
menopause (Lawrence C. Layman, 1998). Monosomy X (Bonnevie-UUrich syndrome 
or Gonadal dysgenesis) inhibits sexual development and causes infertility. 
Karyotyping shows 45 chromosomes with a pattern 45, XO i.e. a missing sex 
chromosome. Kidney abnormalities high blood pressure and obesity are among 
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several other clinical indications (David G. Broofe!'^iijt)Ll^l"J'avtffi5 the viewpoints 
two cases of infertility with probable X monosomy (45,X/46,XX) are also studied in 
the present work. 
Premature Ovarian Failure (POF): 
POF is the common cause of infertility in the females. It occurs in 1% of all 
women and in 0.1% of women under the age of 30 years (Shelling et al., 2000). 
However, in the present case only 1 woman out of 30 under the age of 30years was 
referred for POF. This represents a frequency of 3.3% that is slightly greater, the 
delineation being due to the size of the sample. 
The prime factor for the increased incidence of infertility/ subfertility among 
the human race is intrafamilial marriages, referred as consanguinity. Consanguinity is 
associated with increased gross fertility, due at least in part to younger maternal age 
at first livebirth. Morbidity and mortality also may be elevated, resulting in 
comparable numbers of surviving offspring in consanguineous and 
nonconsanguineous families (Bittles, 1991). 
There was a significantly higher rate of stillbirths and infant mortality in 
consanguineous mating as compared with non-consanguineous (Verma et al., 1992). 
Jaber et al. (1997) reported in a case that the incidence of infant deaths was 
significantly higher in the inbred group (p < 0.001), while no significant increase in 
fetal loss between the inbred and out bred groups was observed. There were no 
differences in anthropometric features, except for a lower birth weight in the 
consanguineous group (p < 0.035). Effects of consanguinity and non -
consanguineous parental relationships were also studied via family history and 
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pedigree analysis during the present work. Our observations were in agreement with 
the previous findings. One case of infertility showed the cytogenetical problems with 
affected sisters, and normal brothers, while some defects were observed in the 
maternal aunt of the proband. Parents of the case were first cousins and consanguinity 
was practiced through many generations. But 100% effects of the intermarriages were 
not reported as consanguinity was only observed in the family of some Muslim 
patients, while patients with non-consanguineous history (Non-Muslim as well as 
Muslim) were also reported to have the fertility and other genetical problems. 
Conclusion 
The study of commonly occurring genetic diseases thus provides insight into 
various aspects of gene - environment relationship. Chromosomal and single gene 
defects are also observed including dysmorphic features, short/ tall stature, mental 
defects etc. These add well to the genetic load. Increase in the incidence of some of 
these observed genetic disorders could be due to the Founder gene effects of smaller 
population as well as many due to new mutations which are associated with 
considerable changes in the environment. Genetic analysis, diagnosis and counseling 
of the common disorders has thus to be made more effective to keep a check on its 
linear progression. Nonetheless, karyotyping remains the essential tool for analysis of 
some forms of reproductive difficulties, in prenatal screening, and in the diagnosis of 
a number of relatively frequent clinical syndromes. 
As human disease diagnostics is a developing area in the field of human 
genetics, investigators have proposed many future perspectives and many of them are 
routinely working over them with applicative outcomes. The most. important 
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requirement in order to get a conclusive result is the size of the sample taken into 
consideration. With smaller samples, like one in the present study, conclusions cannot 
be drawn with hundred percent accuracy. It is because in such cases environmental 
effects are more pronounced. 
While working with human inherited disorders in a larger study sample, 
differential banding can be practiced to identify the interband translocations, deletions 
and isochromosome formation in a suspected sample. Numerically normal (46, XX / 
XY) chromosomes, in an affected individual with all the clinical symptoms of the 
disease, can have interband or juxtaposition translocations, which can be recognized 
by high resolution banding technique. 
Clinical diagnosis of the chromosomal abnormalities can also be achieved at 
the molecular level. Linkage analysis can sort out the chromosomal location of a 
specific diseases causing gene, and the precise gene responsible for the diseases can 
then be identified by a variety of nucleic acid techniques, involving recombinant 
DNA technology and then can be amplified by applying Polymerase Chain Reaction 
(PCR) in case of a single family study and Restriction Fragment Length 
Polymorphism (RFLP) when multilocus studies must be studied. 
Positional analysis of DNA can be used to detect different chromosomal 
malformations at molecular level. If the effect of some gene is known without 
actually knowing the gene responsible then the application of reverse genetics can 
identify the causative gene and its position over the chromosome. 
Different radioactive and non-radioactive DNA / RNA markers can also be 
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used to locate the defective DNA sequences via in situ hybridization and auto 
radiographic techniques for the disease diagnosis at the level of DNA. 
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